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Abstract -  
Novel design of Psi-shaped printed monopole antenna consisting of modified feeding structure is proposed. A detailed parametric 
study for various antenna parameters that forms the Psi shaped patch is presented. The pair of vertical slots in Psi shaped patch 
optimizes the antenna bandwidth till 4 GHz of frequency range whereas position of horizontal slots that constitutes modified 
feeding structure optimizes the antenna bandwidth till 6 GHz. Further optimization for bandwidth beyond 7 GHz is obtained by 
suitably selecting the feed line position along patch base edge which optimizes the input impedance at higher order patch 
resonant mode. The proposed Psi shaped patch antenna yields BW from 1.5 GHz to more than 10 GHz. The proposed 
configuration shows broadside radiation pattern over most of the bandwidth with peak broadside gain of nearly 2 dBi. Due to the 
realized antenna characteristics Psi shaped antenna can find applications in Bluetooth, Wi-Fi and personal communication 
systems for frequencies above 1 GHz.  
 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Organizing Committee of ICACC 2016. 
Keywords: Ultra-wideband antenna; printed monopole antenna; Psi-shaped patch; Modified feeding structure. 
1. Introduction 
With the advancement in wireless communication systems which involves higher data rates, a requirement for 
ultra-wideband (UWB) antennas has increased. A variety of antennas have been designed which covers UWB range. 
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Due to simplicity of the patch integration with rest of microwave integrated circuits, printed variation of monopole 
antennas are widely used 1 – 3. In printed monopole antennas, an optimum impedance bandwidth (BW) is obtained by 
choosing the appropriate shape, size and position of the radiating patch, slot, microstrip feed-line and the ground 
plane 1.Various slot-cut configurations have been proposed like the fork-shaped 4, square or triangular-shaped 5, 
square patch with rotated square slot 6 and bow-tie shaped configuration 7. However, the BW obtained in most of 
these configurations is insufficient as it does not cover the entire UWB range. As reported in 8, an effect of the 
ground plane on the impedance BW and the radiation pattern cannot be ignored as it introduces additional resonant 
modes. In order to minimize ground plane effects, different techniques have been proposed 9, 10. In 9, a vertical 
rectangular slot and an asymmetric strip are used. But this technique only reduces the ground plane currents at lower 
frequencies and affects the radiation pattern due to the asymmetric structure of the radiating patch. Alternatively, L-
shaped slots are cut in the ground plane 10 which focuses the ground plane currents around the slots. However, this 
technique focuses on modifying ground plane currents, thus enhancing the effect of the ground plane on the overall 
radiation pattern of the antenna.  
 
In this paper, a novel Psi-shaped printed monopole antenna design on glass epoxy substrate (εr = 4.3, h = 0.16 cm, 
tan δ = 0.02) is proposed. The proposed antenna is first studied using IE3D software followed by experimental 
verification. The Psi shaped patch is obtained by cutting two symmetric and parallel vertical slots on the top and 
bottom edges of the rectangular patch. The feeding structure is been modified by cutting two slots along the bottom 
corners of the radiating patch. This increases the distance of the ground plane from the radiating patch thus reducing 
the induced currents. For optimizing the configuration a complete parametric study for patch parameters like, 
dimensions of vertical slots and distance between them, dimensions of the slots which forms modified feeding 
structure and the air gap between modified feeding structure and the backed ground plane has been conducted. Using 
the resonance curve plots and surface current distributions, effects of these antenna parameters on the modified Psi-
shaped patch resonant modes is explained. The modified feeding structure with offset Microstrip line feed optimizes 
an input impedance specifically towards higher frequencies (above 5 to 7 GHz) to realize ultra-wide BW. The 
simulated BW of more than 8 GHz ranging from 1.5 GHz to more than 10 GHz is obtained. The antenna impedance 
response was measured using ZVH – 8 vector network analyzer till 8 GHz which gives closer agreement with the 
simulated result. The far field radiation pattern and broadside co-polar gain measurements till 6 GHz were carried 
out using RF source (SMB 100A) and spectrum analyzer (FSC 6) inside the antenna lab. The antenna gain was 
measured using the two antenna method. The pattern shows broadside radiation but with higher cross polarization 
levels. They are due to the orthogonal variations in surface currents at various printed patch resonant modes. The 
simulated and measured broadside peak gain of close to 2 dBi is obtained in the Psi shape patch. Thus the proposed 
Psi-shaped antenna which covers entire UWB range, can find applications in personal mobile communication 
systems, Bluetooth and Wi-fi applications for the frequencies above 2 GHz range.  
2. Psi-shaped UWB Antenna 
The Psi shaped patch is realized by modifying the equivalent rectangular patch. Therefore printed rectangular 
monopole patch is designed first as shown in Fig. 1(a). The Psi shaped patch is designed to cover frequencies above 
1 GHz and hence the rectangular patch dimensions (lr = 40 mm and wr = 40 mm) are selected such that it resonates 
at fundamental mode frequency of around 1.5 GHz. The ground plane dimensions are taken as Lg = 56 mm, Wg = 
20 mm and on glass epoxy substrate for around 50 : impedance, Microstrip feed line width is selected as 4 mm. 
The resonance curve and return loss plots for rectangular monopole patch are shown in Fig. 1(d, e). Over wide range 
of frequencies impedance matching to realize ultra-wide band response is not obtained. The slots cut in the patch or 
ground plane changes the input impedance and inter spacing between patch resonant modes, which helps in realizing 
impedance matching over wide range of frequencies. The Psi-shaped structure is realized by first cutting pair of 
vertical rectangular slots on top patch edge as shown in Fig. 1(b), and further by cutting pair of rectangular slots at 
the bottom edge, i.e. near the feeding structure as shown in Fig. 1(c). As seen from the resonance curve plot in Fig. 
1(d), input impedance is higher at resonant modes near 2 and 4 GHz. The surface current distribution for rectangular 
patch at these resonant modes is shown in Fig. 1(f, g). As surface currents are varying along both the patch 
dimensions, vertical slot position as shown in Fig. 1(b) will help in to tune input impedance and the frequencies at 
those resonant modes. The resonance curve and return loss plots for varying slot width (W) is shown in Fig. 2(a – d). 
For this slot width variation, slot length (L) and the distance (y) between them is kept equal to 4.5 and 19.5 mm, 
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respectively. It is observed that for slot width less and greater than 20 mm, better input impedance matching is 
obtained at lower frequencies but not at higher frequencies. An optimum BW of nearly 3 GHz is obtained for W = 
30 mm towards lower frequencies of the band. The resonance curve plots for varying slot position (y) for W = 20 
mm are shown in Fig. 2(e, f). Due to vertical direction of surface currents, spacing between the slots has negligible 
effect on the realized BW. Similar results are obtained for optimum slot width of W = 30 mm.  
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Fig. 1. Geometry of (a) printed rectangular monopole antenna; (b) pair of slots cut printed rectangular monopole antenna; and (c) Psi-shaped 
monopole antenna; (d) resonance curve; (e) return loss plot for printed rectangular monopole antenna and current distribution for resonant modes 
at (f) 2.1691; (g) 4.4053 GHz for rectangular printed monopole antenna. 
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Fig. 2. Resonance curve and return loss plots for variation in (a – d) slot width; and (e, f) slot spacing for printed pair of vertical slots cut 
rectangular monopole antenna. 
 
To improve the antenna BW even further, an effect of the slots near the ground plane in the patch is studied. For this 
purpose, two symmetric slots are cut at the bottom two corners of the patch (near the backed ground plane) as shown 
in Fig. 1(c), which realizes complete Psi-shaped structure. First the parametric study for variation in slot length is 
carried out. The resonance curve and return loss plots for variation in slot length ‘L1’ on the realized BW is shown in 
Fig. 3(a – d). In this length variation vertical slot dimension of L = 4.5 mm and W = 30 mm is selected. The plots 
are shown in for variation in ‘L1’ from 6 to 10 mm. For slot lengths less than 8 mm, an impedance matching for the 
modes around 4 GHz becomes worse whereas for slot lengths more than 8 mm, an impedance of the mode at around 
6 GHz increases. From these graphs it can be observed that an optimum BW of more than 4 GHz ranging from 1.5 
GHz to 6.5 GHz is obtained for a slot length (L1) of 8 mm. Similarly, results for varying slot width have also been 
presented as shown in Fig. 3(e, f). For slot width of less than 4 mm, input impedance at lower mode resonance 
frequencies is higher whereas for slot width greater than 5 mm, impedance at higher order mode frequencies is 
higher. Here an optimum result in terms of operating BW is obtained for slot width of 4 mm. Thus the use of vertical 
slots optimizes BW till 4 GHz whereas use of horizontal slots near the feed line yields optimum BW till 6 GHz. 
After studying the effect of variations in slot dimensions, an effect of gap between the radiating patch and the 
ground plane is studied. The gap ‘g’ is varied from 0 to 2 mm and resonance curve and return loss plots for 
variations in the same are shown in Fig. 4(a, b). A gap of g = 0 mm yields optimum results with a BW of more than 
5 GHz. Increasing the gap only increases the impedance of the mode at around 4 GHz and hence there is no gap 
between the ground plane and the radiating patch in the optimum design. 
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Fig. 3. Resonance curve and return loss plots for variation in bottom (a – d) slot length; and (e, f) width for Psi shaped printed monopole antenna. 
 
 
 
Fig. 4. (a) Resonance curve; and (b) return loss plots for variation in feed gap between the ground plane and patch for Psi-shaped monopole patch 
antenna. 
 
The resonance curve plot shows higher impedance towards higher order resonant modes i.e. around 7.6 GHz as 
shown in Fig. 4(a). This higher impedance limits the antenna BW beyond frequency range of 7 GHz. To optimize 
for BW beyond 7 GHz, surface current distribution at resonant mode around 7.6 GHz is studied as shown in Fig. 5 
(a). The surface currents show half wavelength variation along the modified patch base. Therefore to reduce the 
input impedance at 7.6 GHz, offset position (of) of Microstrip feed line is studied as shown in Fig. 5(b, c). The input 
impedance reduces for increase in offset position from 0 to 4 mm and it increases when offset feed position is 
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increased beyond 4 mm. The optimum response is obtained for offset position of 4 mm and its return loss plots are 
shown in Fig. 5(d). The simulated BW is from 1.529 GHz to more than 10 GHz. In this optimum design various 
patch parameters are, L = 4.5 mm, W = 30 mm, L1 = 8 mm, W1 = 4 mm, g = 0 mm, and ‘of’ = 4 mm. The antenna 
was fabricated and measurement was carried out using ZVH-8 till 8 GHz. The measured BW is from 1.508 to more 
than 8 GHz as shown in Fig. 5(d). As available VNA in lab is till 8 GHz, hence measured results are up till 8 GHz.  
 
Fig. 5. (a) Surface current distribution at higher order resonant mode; (b) resonance curve; and (c) return loss plots for offset feed positions; and 
(d) simulated and measured return loss plots; for optimum design of Psi-shaped planar Microstrip antenna. 
 
The simulated and measured radiation pattern plots at two frequencies over the BW are shown in Fig. 6(a – d). The 
pattern is in the broadside direction but shows higher cross polar levels towards higher frequencies of the BW. The 
higher cross polarization is due to orthogonal surface currents at higher order resonant modes. The broadside co-
polar antenna gain is shown in Fig. 6(e). The antenna gives peak gain close to 2 dBi over VSWR BW. It reduces to 
nearly 1 dBi towards the higher frequencies, which is due to orthogonal surface currents at higher order modes. The 
fabricated prototype of the configuration is shown in Fig. 6(f). The total size of the proposed antenna (including the 
ground plane) is 60 mm x 60 mm. Thus the proposed design is compact and yields UWB response with gain of more 
than 1 dBi over most of the BW. Due to higher cross polarization antenna shows elliptical polarization over most of 
the BW. Due to these antenna characteristics proposed configuration can find applications in personal mobile 
communication systems, Bluetooth and Wi-fi applications above 1 GHz frequency range.    
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Fig. 6. (a – d) Radiation pattern; and (e) gain variation over BW; and (f) fabricated prototype of Psi shaped planar monopole antenna. 
3. Conclusions 
A new Psi-shaped printed monopole antenna with a BW covering the entire UWB range is proposed. A detail 
parametric analysis on various antenna parameters is presented. The use of vertical slots helps in optimizing the 
wider BW till 4 GHz of frequency band whereas horizontal slots that realizes modified step feeding structure 
optimizes for BW till 6 GHz of frequency. Further using offset feed position, which yields input impedance 
matching at frequencies beyond 7 GHz, a simulated and measured BW from nearly 1.5 GHz till more than 10 GHz 
is realized. The proposed antenna yields broadside radiation pattern over most of the BW with peak antenna gain of 
nearly 2 dBi. The proposed compact UWB configuration requires total square patch area of nearly 60 x 60 mm2, and 
can find applications in Bluetooth, Wi-fi and personal communication systems beyond 1.5 GHz frequency range.    
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